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[57] ABSTRACT 

Geographic reuse of frequencies within a multisite com- 
munication system are dynamically altered as a function 
of communication unit type. Since some communica- 
tion unit types pose a smaller risk of interference, in- 
creased geographic reuse can be tolerated. Similarly, 
reuse can be diminished to accommodate communica- 
tion unit types that pose a significant risk of interference 
over a wide geographic area. 

7 Claims, 2 Drawing Sheets 
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FIELD OF THE INVENTION 

This invention relates generally to two-way commu- 
nication systems having a plurality of communication 
unit types supported thereby, including but not limited 
to communication systems that make geographic reuse 10 
of spectral resources. 

BACKGROUND OF THE INVENTION 

Two-way radio communication systems that geo- 
graphically reuse carrier frequencies that are used to 15 
support two-way communications are well known in 
the art and include, for example, cellular radio tele- 
phone systems. Other two-way communication sys- 
tems, such as the SmartZone multisite trunked land 
mobile dispatch systems offered by Motorola, Inc., also 20 
make use of geographic reuse of transmit and receive 
frequencies. 

Typically, reuse occurs pursuant to a reuse pattern; 
for example, both 7 cell and 4 cell reuse patterns are 
known in cellular telecommunications, as are other 25 
patterns. Such reuse patterns are typically based on a 
model representing ordinary (or perhaps worst case) 
use of such a system. Once selected, however, a particu- 
lar model, and the system implementation based 
thereon, does not typically allow dynamic reorientation 30 
of the geographic reuse pattern or plan in response to 
varying system conditions; in particular, such reuse 
patterns represent a compromise, and therefore occa- 
sionally provide either too much or inadequate buffer 
zones between areas of frequency reuse during actual 35 
use. 

The applicant has determined that the type of com- 
munication unit operating on an allocated frequency 
can have significant impact on the efficiency and/or 
protection offered by a particular reuse strategy. With 40 
reference to FIG. 1, a portable communication unit will 
typically have a relatively small effective coverage area 
(101), due to power limitations, antenna effectiveness, 
and so forth. A land vehicle mounted communication 
unit will, on the other hand, typically have a larger 45 
effective coverage area (102), due to typically increased 
power capabilities, better antenna structures and orien- 
tation, and the like. An airborne communication unit 
can exhibit an even greater increase in coverage area 
(103) due substantially to improved antenna placement 50 

With the above in mind, a fixed frequency reuse plan 
may make inefficient use at any given moment of avail- 
able frequencies by providing too large a buffer zone 
when portable communication units are being sup- 
ported, and similarly may allow interfering instances of 55 
reuse when accommodating an airborne communica- 
tion unit. 

Accordingly, the applicant has determined that a 
need exists for a methodology for dynamically altering 
frequency reuse patterns to accommodate differing 60 
communication unit types. 

SUMMARY OF THE INVENTION 

This need and others is substantially met through 
provision of the system and methodology disclosed 65 
herein. A plurality of radio communication sites are 
provided, wherein at least some of these sites have a 
plurality of frequencies potentially available for alloca- 
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tion to support communications amongst communica- 
tion units of varying types. When, from time to time, 
one of these frequencies is assigned in a particular one of 
the radio communication sites to support the communi- 
cation needs of a particular communication unit, the 
apparent availability of that assigned frequency in other 
communication sites is adjusted as a function, at least in 
part, of the communication unit type. 

In one embodiment, the typical coverage patterns for 
varying types of communication units are considered, 
and frequency reuse is precluded in at least some com- 
munication sites based upon the pattern corresponding 
to the communication unit in question. So configured, 
communication sites relatively close to the site support- 
ing the assigned frequency can be prevented from reus- 
ing the frequency when a portable communication unit 
is being supported, whereas other communication sites, 
which might otherwise be precluded when supporting a 
vehicle mounted communication unit or an airborne 
communication unit, could be allowed to reuse the same 
frequency, since such reuse will not likely lead to inter- 
ference on that same frequency between the two sites. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 comprises a top plan diagrammatic depiction 
of coverage patterns for different communication unit 
types; 

FIG. 2 comprises a top plan diagrammatic view of a 
number of communication sites that form part of a radio 
communication svstem; 

FIGS. 3 and 4'comprise tables illustrating alteration 
of frequency reuse in accordance with the invention; 
and 

FIG. 5 comprises a flow diagram depicting frequency 
allocation in accordance with the invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 2 depicts a number of radio communication sites 
(201, 202A-F, 203A-L, 204A-D, 205A). In this embodi- 
ment, each site is provided with a plurality of radio 
frequencies that can, from time to time, be allocated for 
use by communication units within the coverage area of 
each particular communication site. The number of 
frequencies so provided can vary considerably with a 
number of factors as well understood in the art; for the 
sake of simplicity, it will be presumed here that each site 
has two frequencies that can be allocated. (It should 
also be understood that, in many such systems, frequen- 
cies will be allocated in pairs — one to support transmis- 
sion and one to support reception. Again, frequency 
pair assignments are well within the auspices of these 
teachings, but allocation of only a single frequency will 
be referred to hereinafter for the sake of simplicity.) 

As depicted, one of the communication sites (201) 
includes a communication unit (200) that requires allo- 
cation of a frequency to support its communication 
needs. Upon allocating a particular frequency within 
this host communication site (201) to support the de- 
sired communication, reuse of that same frequency 
within at least some of the other communication sites 
depicted should be prohibited in order to avoid interfer- 
ing uses of that frequency. 

Prior art methodology would preordain, via a fixed 
reuse pattern, such prohibitions. Pursuant to this em- 
bodiment, however, allocation of a particular frequency 
in the first communication site (201) to support the 
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communication needs of the communication unit (200) would result if that same frequency were reused in an 

will automatically cause the apparent availability of that immediately adjacent communication site to support a 

same frequency to be adjusted in the other communica- different communication. That likelihood of interfer- 

tion sites as a function of communication unit type. For' ence drops as distance between the host communication 

example, since the communication site structure re- 5 site and the reuse site increases. The availability factor 

mains essentially fixed, allocation of a particular fre- reflects this likelihood of interference, 

quency in a particular site to support a particular type of Referring to FIG. 4, with both frequencies A and B 

communication unit can trigger preclusion of use of that being unassigned in all 4 sites depicted, each frequency 

same frequency in preidentified other sites, the latter has an availability factor of "9" in each site, therefore 
being known both by individual identity and by groups. 10 representing a highest degree of availability (presuming 

For example, referring momentarily to FIG. 3, prior here for the sake of example a range of 0 to 9). If fre- 

to allocation of any frequencies, system information can quency A is then assigned to support the communica- 

be retained (either in a distributed manner throughout tion needs of a portable communication unit in site 201, 

the system or in a central hub or switch, all in accor- the availability factor drops to zero (401) in immedi- 
dance with well understood prior art architecture) re- 15 ately adjacent site 202A. In the next adjacent site 

fleeting current apparent availability of the two fre- (203A), however, the availability factor only drops to 5 

quencies used throughout the system (for purposes of (402). The availability factor for frequency A in more 

this example, frequencies A and B). Both frequencies distant sites, such as site 205A, remains at 9 (403). The 

are available for allocation in site 201, and also in sites zero rating in the adjacent site (202A) indicates that 
202A, 203A, and 205A. Upon allocating frequency A in 20 frequency A should not be allocated in that communica- 

site 201 to a portable communication unit, the availabil- tion site, since interference will likely occur. The 5 

ity of frequency A in adjacent site 202A is adjusted to rating in the next adjacent site (203A), however, would 

indicate nonavailability (301). Since a portable commu- allow for allocation if necessary, but provides a helpful 

nication unit typically has a relatively small associated measurement by which frequency resources can most 

coverage pattern, a predetermination can be made that 25 effectively be assigned. For example, if a communica- 

communication sites other than immediately adjacent tion unit now requires a frequency in site 203A, both 

communication sites, such as sites 203A and 205A, can frequencies A and B are considered as candidates. All 

continue to hold frequency A available for allocation other things being equal, frequency B represents the 

(302 and 303). And, of course, frequency B continues to better candidate, since it has a higher availability factor 

remain available for allocation in any of the aforemen- 30 associated therewith. 

tioned sites. By way of further example, if the host site (201) 

By way of continued example, if the communication should allocate its frequency A to a land vehicle 

unit instead comprises a land vehicle mounted commu- mounted communication unit, the availability factor for 

nication unit having a larger coverage pattern typically both the adjacent and next adjacent sites (202A and 

associated therewith, the allocated frequency A can be 35 203A) will drop to zero (404), and the availabDity factor 

adjusted to nonavailable status (304 and 305) in both in more distant sites, such as site 205A, will be impacted 

immediately adjacent sites, such as site 202A, and other, considerably less (405). 

nearby sites, such as site 203A. Site 20SA, being suffi- The precise degree to which the availability factors 

ciently distal from the host site (201), can continue to are adjusted upon assigning a frequency on a particular 

maintain the allocatability of frequency A. 40 communication site to a particular communication unit 

In this way, greater reuse of a particular frequency will of course vary with the application. Different sys- 

can be tolerated when appropriate while greater protec- terns support different types of communication units, 

tion can be assured when necessary. and even within a particular system, communication 

In the alternative, instead of precluding allocation in unit types can vary amongst themselves. For example, 
the manner specifically set forth above, allocation can 45 power capability of various vehicle mounted communi- 
be precluded in those communication sites that are cation units can vary from a few watts to 100 watts or 
wholly or partially within a predetermined distance of potentially more. Therefore, the specific availability 
the host communication site (201). For example, as factor variations set forth here may not be particularly 
depicted in FIG. 2, a first predetermined distance (206) appropriate for use in a specific application but are 
would be used with a first type of communication unit, 50 intended instead to convey; in a simple and clear man- 
such as a portable unit, and a second predetermined ner, an essential embodiment in accordance with the 
distance (207) would be used with land vehicle mounted invention. 

communication units. Yet a larger distance (not shown) As briefly alluded to above, frequency allocation 

would be used to accommodate an airborne communi- from amongst a plurality of candidate frequencies 

cation unit. 55 within a particular communication site can be favorably 

In the embodiments described above, for each com- directed in accordance with this invention. By way of 

munication site a frequency is either indicated as being further example, a particular frequency selection meth- 

currently available or not available at any given mo- odology (500) appears in FIG. 5. Upon receiving a 

ment. In another embodiment of the invention, this request, or other indication of need for a communica- 

indication of current availability can comprise an avail- 60 tion resource (501), a communication she will determine 

ability factor, which availability factor is one of a plu- whether it has any candidate frequencies (502). If no 

rality of factors within a range of factors. The range of frequencies are currently available, the request will be 

factors effectively represents a range of interference denied (503). (Depending upon the system, the request 

that will likely result upon using a given frequency in a may then be queued, or other appropriate actions 

^ven cprnmumcation site at a given moment. For exam- 65 taken.) Presuming that there is at least one available 

pie, if a particular frequency is assigned in a particular frequency, the site will then determine whether there is 

communication site to support an airborne communica- only one candidate frequency (504). If so that fre- 

tion unit, there is a high likelihood that interference quency will be allocated (50$), and system information 
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regarding the allocation will be updated (511) as sug- 
gested above, such that the availability factors for other 
communication sites can be adjusted accordingly. If the 
communication site has more than one candidate fre- 
quency, the communication site will consider the type 5 
of communication unit involved (507) and identify a 
best frequency to support the communication needs of 
the communication unit (508). For example, as noted 
earlier, the communication site can simply identify 
whichever of its candidate frequencies has a highest 10 
availability factor, and identify that frequency as the 
best frequency. 

Other more sophisticated considerations can be sup- 
ported as well. For example, if the host communication 
site has two frequencies available for allocation, with 15 
one having a higher availability factor, and the other 
having a lower, but still satisfactory availability factor, 
the host communication site can consider the current 
availability conditions in other sites. If an adjacent com- 
munication site has only one frequency currently avail- 20 
able for application, and if availability of that one fre- 
quency will be significantly impacted by allocation in 
the host communication site of that frequency, then 
assignment in the host communication site of that par- 
ticular frequency will usurp availability of communica- 25 
tion capabilities in that adjacent site. To prevent this, 
the host communication site can allocate instead its 
second frequency, even if that second frequency has a 
lower availability factor, thereby assuring that the adja- 
cent communications site retains current additional 30 
communications capacity. 

After identifying the best frequency, the communica- 
tion site allocates that frequency (509) to support the 
necessary communication, and system information is 
updated (511) as described above. The frequency selec- 35 
tion process then concludes (512). 

So configured, frequency reuse can be dynamically 
altered as a function of communication unit type. Those 
communication units that represent a smaller likelihood 
of interference allow for greater reuse opportunities, 40 
and this system acts accordingly. Similarly, other com- 
munication units that pose increased likelihood of inter- 
ference over a wider area are accommodated as well. 

Those skilled in the art will recognize that a variety 
of factors can be considered when distinguishing one 45 
type of communication unit from another. Portables 
and land vehicle mounted communication units differ 
from each other in a variety of ways. Similarly, as also 
noted earlier, land vehicle mounted communication 
units can vary significantly from one model to another, 50 
or for other reasons. Ultimately, if desired, each individ- 
ual communication unit could be individually charac- 
terized with respect to its coverage pattern, such that 
each communication unit could be individually and 
uniquely responded to in accordance with the method- 55 
ology specified herein. 

It should also be noted that there are a variety of 
ways for the communication sites to ascertain the type 
of communication unit that is requesting communica- 
tion services. Presently, in most communication sys- 60 
terns, the communication units identify themselves 
through use of an identification number. This identifica- 
tion number can either be revised to indicate type, or 
the communication sites can be equipped with an appro- 
priate look-up table such that the identification number 65 
for a requesting communication unit can be correlated 
with a particular communication unit type through 
access to the look-up table. 
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What is claimed is: 

1. A frequency reuse method for use with a plurality 
of communication units, the plurality of communication 
units including at least a first type of communication 
unit and a second type of communication unit, wherein 
the first type of communication unit comprises a porta- 
ble two-way radio, and the second type of communica- 
tion unit comprises a land vehicle mounted two-way 
radio, the method comprising the steps of: 

A) providing a plurality of radio communication 
sites, wherein at least some of the radio communi- 
cation sites - have a plurality of frequencies poten- 
tially available for allocation to support communi- 
cations amongst the communication units; 

B) assigning, in one of the radio communication sites, 
at least a particular frequency to support communi- 
cation needs of a particular communication unit; 

C) adjusting availability of that particular frequency 
in other of the communication sites as a function, at 
least in part, of whether the particular communica- 
tion unit is the first type of communication unit or 
the second type of communication unit. 

2. A frequency reuse method for use with a plurality 
of communication units, the communication units in- 
cluding at least a first type of communication unit, a 
second type of communication unit, and a third type of 
communication unit wherein the first type of communi- 
cation unit comprises a portable two-way radio, the 
second type of communication unit comprises a land 
vehicle molted two-way radio and the third type of 
communication unit comprises an airborne two-way 
radio the method comprising the steps of: 

A) providing a plurality of radio communication 
sites, wherein at least some of the radio communi- 
cation sites have a plurality of frequencies poten- 
tially available for allocation to support communi- 
cations amongst the communication units; 

B) assigning, in one of the radio communication sites, 
at least a particular frequency to support communi- 
cation needs of a particular communication unit; 
and 

C) adjusting availability of that particular frequency 
in other of the communication sites as a function, at 
least in part, of whether the particular communica- 
tion unit is the first type, the second type, or the 
third type of communication unit. 

3. The method of claim 2, wherein the first type of 
communication units have a corresponding first cover- 
age pattern, the second type of communication units 
have a corresponding second coverage pattern, and the 
third type of communication units have a correspond- 
ing third coverage pattern, and wherein the step of 
adjusting availability of that particular frequency in 
other of the communication sites as a function, at least 
in part, of whether the particular communication unit is 
the first type, the second type, or the third type of com- 
munication unit includes the step of: 

CI) precluding allocation of the particular frequency 
in at least some of the other communication sites 
based upon the first, second, and third coverage 
pattern. 

4. The method of claim 3, wherein the first coverage 
pattern is smaller than the second coverage pattern, and 
the second coverage pattern is smaller than the third 
coverage pattern, and wherein the step of precluding 
allocation of the particular frequency in at least some of 
the other communication sites based upon the first, 
second, and third coverage pattern includes the steps of: 
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Cla) precluding allocation of the particular fre- 
quency in a first predetermined number of commu- 
nication sites when the particular communication 
unit comprises the first type of communication 
unit; 

Clb) precluding allocation of the particular fre- 
quency in a second predetermined number of com- 
munication sites when the particular communica- 
tion unit comprises the second type of communica- 
tion unit; and 

Clc) precluding allocation of the particular fre- 
quency in a third predetermined number of com- 
munication sites when the particular communica- 
tion unit comprises the third type of communica- 
tion unit; wherein the first predetermined number 
is less than the second predetermined number, and 
the second predetermined number is less than the 
third predetermined number. 
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Clb) precluding allocation of the particular fre- 
quency in those communication sites that are 
within a second predetermined distance of the par- 
ticular communication site when the particular 
communication unit comprises the second type of 
communication unit; and 
Clc) precluding allocation of the particular fre- 
quency in those communication sites that are 
within a third predetermined distance of the partic- 
ular communication site when the particular com- 
munication unit comprises the third type of com- 
munication unit; wherein the first predetermined 
distance is less than the second predetermined dis- 
tance, and the second predetermined distance is 
less than the third predetermined distance. 
6. The method of claim 5, wherein the step of adjust- 
ing availability of that particular frequency in other of 
the communication sites as a function, at least in part, of 
whether the particular communication unit is the first 



5. The method of claim 3, wherein the first coverage 20 fyP e > second type, or third type of communication unit 
pattern is smaller than the second coverage pattern, and includes the step of maintaining system information, 
the second coverage pattern is smaller than the third which information includes, for each of the communica- 
coverage pattern, and wherein the step of precluding tion sites > ^ identification of frequencies supported by 
allocation of the particular frequency in the other com- Slte ' *"* ^ i*" 3 ^ 00 of current availability of such 

munication sites based upon the first, second, and third ?5 fr T^ Cltt ^ Ch f ^ < u u - . . , 
coverage pattern includes the steps of: X ™ e m f^° f claun * wherem ^ indication of 

Cla) precluding allocation £ the particuW fre- SJ^*2^ £KW£2 
quency in those co—catxon snes that are withm a ^ of y factors , wherein th P e * of fac £ K 
withmafirstpredetenmneddistanceoftheparucu- 30 represents a range of interference that will likely result 
lar commumcanon site when the particular com- upon using a given frequency in a given communication 
munication unit comprises the first type of commu- site at a given moment, 
nication unit; ***** 
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